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Field Observations on a Microsporidian Parasite of Pieris rapae (L.) 
and Apanteles glomeratus (L.)! 
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The microsporidian, Perezia mesnili Paillot, which parasitizes the im- 
ported cabbageworm, Pieris rapae (L.), was reported as occurring in 
Hawaii and was fully described in a previous publication (Tanada, 1953) . 
Paillot (1918) first found P. mesnili on the European cabbageworm, 
Pieris brassicae (L.), in France where it is limited to certain small areas. 
The presence of P. rapae infected with P. mesnili in Hawaii in 1953 af- 
forded an opportunity to study the behavior of the microsporidian, and 
to compare observations on it with those of Paillot. An attempt was made 
to determine: (1) the incidence of microsporidian infection in the im- 
ported cabbageworm; (2) whether maternal transmission of the micro- 
sporidian occurred in the imported cabbageworm; (3) the effect of the 
microsporidian on Apanteles glomeratus (L.), a braconid parasite of P. 
rapae; and (4) whether A. glomeratus transmitted the microsporidian to 
P. rapae. 


The study was conducted in two areas on Oahu: Manoa (University of 
Hawaii campus) , and Waimanalo. The cruciferous plants grown at Ma- 
noa had received no insecticidal spray, while those at Waimanalo had 
been sprayed occasionally with DDT and certain organic phosphate in- 
secticides. Live cabbageworms, which were collected in new paper sacks, 
were brought into the laboratory for dissection or rearing. Determina- 
tion of microsporidian infection was based on the presence of spores 
within the host. As some hosts in the early stages of infection may not con- 
tain microsporidian spores, the true percentage of infection is probably 
higher than that shown. 


Incidence of Infected P. rapae in the Field 


The incidence of infection by P. mesnili in the imported cabbageworm 
was based on fourth- and fifth-instar larvae collected in the field and dis- 
sected in the laboratory. The collections were made on two successive days. 
Seventy-five larvae were collected from Manoa and 65 from Waimanalo. 


The results are expressed as parasitization of larvae by P. mesnili, A. 
glomeratus, and by both P. mesnili and A. glomeratus (Table 1). Inas- 
much as the imported cabbageworms from Manoa showed 45.3 percent 
infection by P. mesnili and 88 percent infestation by A. glomeratus, 
whereas the cabbageworms from Waimanalo showed 73.8 percent infec- 


1 Published with the approval of the Director of the Hawaii Agricultural Experiment Station as 
Technical Paper No. 341. 


Table 1. Parasitization of fourth- and fifth-instar larvae of Pieris rapae (L.) by the microsporidian, Perezia mesnili Paillot, and the 
braconid, Apanteles glomeratus (L.) . Larvae were collected during January, 1953 from farms located at Manoa and Waimanalo, 


Unparasitized Larvae* 
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Oahu. 
Total Perezia mesnili 
No. 
Locality Larvae No Percent 
Manoa ............ 75 34 45.3 
Waimanalo ... 65 48 73.8 
Total eur 140 82 58.6 


Larvae Parasitized by 
Apanteles glomeratus Perezia + Apanteles 
No. Percent No. Percent 
66 88.0 28 37.3 
4 6.2 3 4.6 
70 50.0 31 22.1 


No. Percent 
3 4.0 
16 24.6 
19 13.6 


* Since parasitization was based on the presence of microsporidian spores, some of the larvae may have had only the vegetative stages of the 


microsporidian. 
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tion with P. mesnili but only a 6.2 percent infestation with A. glomera- 
tus, the insecticides used at Waimanalo apparently reduced the A. glome- 
ratus population but had no effect on P. mesnili. Both Perezia and Apan- 
teles were present in 37.3 percent of the imported cabbageworms at 
Manoa and 4.6 percent of them at Waimanalo. Some of the Apanteles 
larvae themselves were found infected by the microsporidian. 


Maternal Transmission in P. rapae 


The laboratory study reported previously in 1953 indicated that some 
microsporidian-infected larvae matured and emerged as infected adults, 
therefore an attempt was made to determine whether there was transmis- 
sion of the microsporidian from adult to offspring. Maternal transmission 
would be indicated by the presence of microsporidian infection in adults 
and eggs of P. rapae in the field. 


Out of 69 cabbage butterflies collected from Manoa, 34 (49.3 percent) 
of them were found infected; out of 37 butterflies from Waimanalo, 10 
(27 percent) were infected. Although the collection was small, it indicated 
a rather high percentage of infected adults in both localities. Unfortu- 
nately there were only a few females in both collections—8 (37.5 percent 
infected) from Manoa, 19 (36.8 percent infected) from Waimanalo. All 
the infected females that were gravid had the microsporidian within their 
ovaries and were apparently capable of transmitting it to their offspring. 


The incidence of microsporidian-infected eggs of P. rapae was investi- 
gated only at Manoa. Out of 40 eggs examined, 11 (27.5 percent) were 
infected with microsporidian spores. Six of the infected eggs were smeared 
on glass slides and stained with Giemsa’s stain. Under the light micro- 
scope it could be seen that all of them had young and mature microspori- 
dian spores and three of them had schizont stages also. The presence of 
young spores and vegetative stages indicated that the microsporidian 
was transmitted within the egg. No attempt was made to determine the 
number of parasitized eggs that was capable of hatching. 


Infection in Apanteles glomeratus 


As mentioned previously, some of the A. glomeratus larvae found within 
infected imported cabbageworms were also infected by the microsporidian. 
A study was conducted to determine whether 4. glomeratus larvae were 
capable of completing their development in microsporidian-infected hosts 
and, if they were, whether such adults were also infected by the micro- 
sporidian. | 

Several fifth-instar cabbageworms parasitized by A. glomeratus were 
reared individually in half-pint paper containers covered with half of a 
petri dish. After the parasites had emerged from the cabbageworms, each 
cabbageworm was dissected and the presence of microsporidian spores de- 
termined. The severity of microsporidian infection in the cabbageworms 
was scaled in four classes: none, slight, moderate, and heavy. 

All the A. glomeratus pupae from each host larva were placed together 
in a vial lightly stoppered with cotton. The numbers of adults emerging 


Table 2. Number of uninfected and microsporidian-infected Apanteles glomeratus (L.) ‘emerging from imported cabbageworms 
infected with Perezia mesnilt. 
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, ees No. Apanteles emerged from P. rapae Microsporidian Infection in Apanteles 
Microsporidian | _ —  — — | RR 
Host Infection in Number Present Absent 
P. rapae Total Dead | Number Percent | -— | —— 
Pupae | Adults Adults |Number | Percent | Number | Percent 
EEE NER None 6 1 5 83.3 1 16.7 5 83.3 
Dean None 12 0 12 100 0 0 12 100 
ee EN ees Light 12 0 12 100 0 0 12 100 
Dessen Moderate 9 0 9 100 3 33.3 6 66.7 
| RAR Ree Orr tiene Heavy 22 18 4 : 18.2 22 100 0 0 
Bch ese ees a ines Heavy 20 18 2 10.0 20 100 0 0 
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from the cocoons are presented in Table 2. No attempt was made to de- 
termine the number of larvae that failed to emerge from their hosts, but 
their number is probably small. | 

The results indicated that light and moderate microsporidian infection 
within host cabbageworms did not inhibit Apanteles glomeratus from 
developing into adults. However, many of the A. glomeratus larvae emerg- 
ing from heavily infected cabbageworms were not able to complete their 
development. All the larvae, pupae, and adults of A. glomeratus from 
heavily infected cabbageworms contained many microsporidian spores 
(Table 2). Approximately a third of the A. glomeratus emerging from 
moderately infected cabbageworms were also parasitized with the micro- 
sporidian. Only one A. glomeratus emerging from cabbageworms with 
light or no infection was slightly infected with the microsporidian. 


Inasmuch as Apanteles glomeratus is susceptible to Perezia mesnili, the 
question arises as to whether infected A. glomeratus adults are capable of 
laying viable eggs. The study was conducted with three A. glomeratus 
adults obtained from hosts at different levels of microsporidian infection: 
none, moderate, and heavy. First- and second-instar cabbageworms were 
exposed to parasitization by these three adults. Twenty-two cabbage- 
worms were exposed to the A. glomeratus adult (A) obtained from an 
uninfected cabbageworm, 19 cabbageworms were exposed to the adult 
(B) from a moderately infected cabbageworm, and 9 cabbageworms were 
exposed to the adult (C) reared from a cabbageworm heavily infected 
with the microsporidian. All three adult parasites were dissected after the 
test, and only the adult (A) from the uninfected cabbageworm was found 
free from microsporidian spores. The results are presented in Table 3. 
All three A. glomeratus adults parasitized approximately the same per- 
centage of cabbageworms. l 


Table 3. Parasitization of imported cabbageworm, Pieris rapae (L.), by Apanteles. 
glomeratus (L.) which had emerged from microsporidian-infected cabbageworms. 


EEE 
Total No. | Parasitized P. rapaet |Unparasitized P. rapae 





Parasite* — P. rapae = |—§—_—_______- 
Larvae No. Percent No. Percent 
o ORNE accede E 22 17 77.3 5 22.7 
i EAEE E, 19 14 13.7 5 26.3 
Cocho eai 9 8 88.9 1 11.1 
Control (No parasite). ll "E S 11 100.0 








* Parasite A emerged from an uninfected caggabeworm; B emerged from a cabbageworm with 
moderate microsporidian infection; C emerged from a cabbageworm with heavy microsporidian infec- 
tion. 


t All hosts were heavily parasitized by Apanteles glomeratus. 


Discussion 


In 1953, the microsporidian, Perezia mesnili Paillot, was found attack- 
ing a relatively high percentage of imported cabbageworm, Pieris rapae 
(L.), in Hawaii. Over 45 percent of the fourth- and fifth-instar larvae 
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collected from Manoa and over 74 percent of them from Waimanalo were 
infected with the microsporidian. In France, Paillot (1918) reported that 
P. mesnili attacked only a small percentage of the European cabbage- 
worm, Pieris brassicae (L.), in the field, and that it was found only in 
certain areas. This microsporidian may have a wider distribution in Ha- 
waii than in France for it was found also on the islands of Maui and 
Lanai. 


The braconid parasite, Apanteles glomeratus (L.), parasitized a large 
percentage of the imported cabbageworms at Manoa; but at Waimanalo, 
where residual organic insecticides were being applied, parasitization by 
A. glomeratus was very low. Perezia mesnili, however, was apparently un- 
affected by the insecticides. 


It is generally recognized (Paillot, 1933; Steinhaus, 1949) that micro- 
sporidia can be transmitted to their hosts by any one of the following 
three methods: (1) oral ingestion of spores; (2) maternal transmission 
through the eggs; and (3) transmission by insect parasites, especially 
through their contaminated ovipositors. Perezia mesnili is apparently 
transmitted by all three methods in Hawaii. 

When ingested, the spores of P. mesnili were found highly infectious 
to the imported cabbageworm (Tanada, 1953). Paillot (1918, 1924) re- 
ported similar results with the host Preris brassicae. 

Maternal transmission of the microsporidian in P. rapae apparently 
occurs commonly in Hawaii and may be the principal mode of transmis- 
sion. A rather high percentage of P. rapae adults were found infected with 
the microsporidian in the field, and a correspondingly high percentage 
(27.5 percent) of the eggs was also infected. The percentage of hatch 
among the infected eggs has not been determined. However, transovarial 
transmission of microsporidia is generally recognized as being rather com- 
mon (Paillot, 1933; Steinhaus, 1949). Although no attempt was made to 
determine the presence of microsporidian spores on the external surface 
of the egg chorion, spores are probably present there also. 

A. glomeratus larvae when found within microsporidian-infected cab- 
bageworms were often infected by the microsporidian. Blunck (1952) re- 
ported that the microsporidian, Nosema polyvora Blunck, attacked not 
only P. rapae and P. brassicae but also Apanteles glomeratus and several 
hyperparasites. In Hawaii, A. glomeratus larvae found within lightly to 
moderately infected hosts ‘usually developed into adults, but many of the 
larvae from heavily infected hosts were killed in the larval or pupal stage. 
This indicated that a correlation existed between the intensity of micro- 
sporidian infection in the host cabbageworm and the survival of A. glo- 

meratus to adults. According to Blunck (1954), A. glomeratus larvae 
ready to pupate emerged normally from Pieris brassicae infected by No- 
sema polyvora. 

A. glomeratus adults infected with P. mesnili are capable of laying via- 
ble eggs. Such infected adults probably transmit the microsporidian to 
cabbageworms through their infected progeny. The adults may also trans- 
mit the microsporidian by means of their ovipositors which become con- 
taminated after being inserted into a microsporidian-infected cabbage- 
worm. Although no evidence for this method of transmission is offered 
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in the present study, such transmission appears highly probable. Blunck 
(1952, 1954) reported that A. glomeratus transmitted Nosema polyvora 
Blunck to Pieris brassicae by means of its contaminated ovipositor. 

Paillot (1924) believed that Apanteles adults played an important role 
in the transmission of two microsporidia, Perezia legeri Paillot and Thelo- 
hanıa mesnili Paillot, both of which could not be transmitted by the 
ingestion of spores. Blunck (1952) also found that P. brassicae could not 
be infected when fed spores of T. mesnili. However, it is not essential 
that Apanteles be present for the imported cabbageworm to be infected 
with Perezia mesnili. At Waimanalo, where only 6.2 percent of the cab- 
bageworms were parasitized by A. glomeratus, 73.8 percent of them were 
infected by P. mesnili. 

Inasmuch as Perezia mesnili attacks the insect parasite, Apanteles glo- 
meratus, its role in the control of Pieris rapae may appear to be harmful 
rather than beneficial. However, preliminary field observations have indi-. 
cated that both P. mesnili and A. glomeratus can survive in the same host 
larva. Although some A. glomeratus are killed by the microsporidian, 
their deaths may not significantly reduce the Apanteles population in the 
field. Moreover, the detrimental effect of such a reduction may not offset 
the beneficial effects resulting from the microsporidian infection within 
the cabbageworms. ‘The overall importance of P. mesnili in the control of 
P. rapae can be evaluated only after a thorough investigation of the fol- 
lowing factors: (1) its virulence to P. rapae and A. glomeratus under field 
conditions; (2) its effect on the reproductive capacities of the two hosts; 
(3) its debilitating effect on the activity of both hosts; and (4) its ability 
to survive under various environmental conditions. 


Summary 


The microsporidian, Perezia mesnili Paillot, was found attacking a high 
percentage of the imported cabbageworms, Pieris rapae (L.), in 1953 in 
Hawaii. Over 45 percent of the fourth- and fifth-instar larvae at Manoa, 
Oahu, and over 74 percent of them at Waimanalo, Oahu were found 
infected by the microsporidian. High incidence of microsporidian infec- 
tion occurred both in an unsprayed area and in an area that had been 
sprayed with residual organic insecticides. The percentage of microspori- 
dian-infected adults and eggs of P. rapae was also high. 

Although the population of Apanteles glomeratus (L.) was high in 
the unsprayed area, it was low in the area sprayed with insecticides. A. 
glomeratus larvae found in microsporidian-infected cabbageworms were 
infected also by the microsporidian, but they were capable of developing 
to adults which might or might not be infected. Infected A. glomeratus ` 
adults were capable of laying viable eggs. 

In Hawaii, Perezia mesnili is probably transmitted to imported cab- 
bageworms by: (1) ingestion of the pathogen; (2) transovarial transmis- 
sion; and (3) by Apanteles glomeratus. ‘Transovarial transmission ap- 
peared to be one of the principal methods by which P. mesnili is trans- 
mitted to the imported cabbageworm in the field. 
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